The development of electron microscopy has advanced our knowledge of the morphology of Treponema pallidum, but the exact significance of some of the formations observed is not yet clear and requires further detailed study by chemists as well as morphologists. The literature has been reviewed and our methods described in previous reports (Ovcinnikov and Delektorskij, 1968 , 1969 , 1970a . In this paper we shall limit ourselves to a description of our most recent results.
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The classic spiral shape of T. pallidum, with coils of regular width and depth slightly narrower towards the acuminate ends, is to be considered as typical for this organism.
We shall not reproduce here the illustrations already published in various periodicals; the photographs illustrating the present study have not previously been published.
Examination of preparations processed by the negative contrast method with a magnification X6-8000 has confirmed the fact that the thickness of the treponeme is uneven along its length, as established previously in light microscopic studies on living specimens. It has been proved that the thickness changes as the treponeme moves; this clearly shows that the body of T. pallidum is able to contract and, consequently, has a special apparatus for this purpose.
With greater magnification it can be seen that in young cultures the body of the treponeme is covered by a transparent mass forming a wide mucoid sheath (Ovcinnikov and Delektorskij, 1969) . In older cultures this sheath cannot be demonstrated, and the question of its origin (i.e. whether it is a product of the treponeme or derives from the host tissues) should be studied in relation to the specific localization of the organism and the conditions of its existence.
Bearing in mind certain differences in the structure of cultivated and pathogenic treponemes, we shall describe first the cultivated strains and then the pathogenic organism. A comparative study of several cultivated strains (Reiter, Kazan, and Stavropol) has already revealed certain variations, but they are not very significant. One end of the treponeme carries an oval formation which we have named 'head structure' (Ovcinnikov and Delektorskij, 1968, 1969) . Its shape is somewhat variable and it contains basal granules, which are the sites of attachment of the fibrils and are possibly the centres controlling movement. When living treponemes are examined by darkfield microscopy this structure may exhibit an abrupt rotatory motion. The opposite end is usually devoid of such a formation.
During certain periods of growth, probably before the division of the treponeme, the head structure is shed together with the fibrils. This head structure is plainly visible in cultivated strains, but we could not clearly discem it in the pathogenic T. pallidum.
The basal granules have an annular shape (Fig. 1) Under stressful conditions, the treponeme 'packs' itself into a compact roll (Fig. 8 ) and becomes covered with a transparent mucoid capsule, which resists the penetration of drugs and antibodies. The organisms may persist in this form for a prolonged period without any reaction from the host. The encysted treponemes and the host coexist more or less peacefully, but under propitious circumstances the cysts may be transformed again into the usual spiral, which damages the cells of the host and elicits a response. We shall return to this problem in our description of ultrathin sections of cysts.
Studies of ultrathin sections of T. pallidum have considerably enriched our knowledge of its structure. The methods of processing the material for ultrathin sections have been described in our previous communications.
Outer membranes
In ultrathin sections (approximately 200-250 A thick) the outer wall (me) of T. pallidum consists of two electron dense layers and one electron transparent layer (Fig. 2) . The cytoplasmic membrane (cm) also has three layers. It is separated from the outer wall (co) by a space of varying width that contains fibrils (f). In longitudinal sections they appear punctate or elongated depending on the plane of cutting. The cytoplasmic membrane lies over the cytoplasm (c) (Fig. 4) , where ribosomes (r) are suspended. Here and there light steUate or polygonal structures are visible; these are the nuclear vacuoles (N) (Figs 12 and 13) . Mesosomes (M) are met with occasionally ( Fig. 2) , looking like laminar formations. The same structures can be found in a transverse section.
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Fibril and Mesosomes The relation of fibrils to the outer wall is well demonstrated (Fig. 5) . The bundle of fibrils (f) lies under the outer wall, but in certain stages of development of the treponeme it becomes free; probably the continuity of the outer wall is broken, or maybe this bundle stretches like a rubber band and emerges from under the wall.
At the level of a bundle of thick fibrils, the cytoplasm contains thinner dark formations, which we consider to be deep fibrils (f') ( Fig. 5) (Fig. 7) , their outlines are indistinct, and sometimes they are not covered with the outer wall. In a cultivated treponeme, the outer wall protrudes over a bundle of fibrils. Obviously this protrusion, which is sometimes quite large, suggested to some authors the presence of an undulating membrane, but in fact T. pallidum has no undulating membrane. The sectioned basal granules ( Fig. 1) Can the host harbour cysts of pathogenic treponemes? This is a problem of paramount importance. Even those authors who admit the possibility of encystment of T. pallidum do not consider it likely that cysts may exist in host tissues. By means of electron microscopy we have succeeded in demonstrating the presence of cysts in a rabbit chancre, and we believe that this observation is of considerable significance.
The material was taken from an 8-month-old chancre. When examining the cysts, we could distinctly see multi-layered membranes and treponemes cut in various planes.
Obviously such a membrane serves as a strong barrier to drugs.
Many interesting structural details may be revealed by the method of fracturing frozen material. This does not submit the treponemes to any extraneous influences and thus artefacts are avoided. Photomicrographs of specimens processed by this method clearly show the granular texture of the space between the cytoplasmic membrane (cm) and the outer wall (co). Several dissimilar formations can be seen in the head structure. Unfortunately, any speculations about their functional significance would be premature. The cross-striation of fibrils is distinctly visible.
Comparative electron microscopic studies of T. pallidum and T. pertenue have not demonstrated any clear-cut morphological differences, except for the fact that in T. pertenue (Fig. 11) (Fig. 12) . The slide shows endoplasmic reticulum (er), collagen fibrils (Kl), a lysosome (1), mitochondria (mi), nuclear membrane (mN), and a nuclear vacuole (N). Frequently there is a light area around the treponeme (T); thus the impression is created that collagen fibres have been locally destroyed. Longitudinal sections do not reveal any substantial difference in structure between extracellular treponemes in a chancre and organisms in a suspension prepared from a chancre or an orchitic lesion, but we often find specimens surrounded with a two-or threelayered membrane, which is situated at a certain distance from the body of the treponeme (T) (Fig. 13) (Figs 14 and 15) . The treponeme (T) sinks into a hollow in the cellular membrane, and the membrane then closes over it. This process is commonly observed in lymphocytes, plasma cells, and endothelial cells. Macrophages usually grasp the treponemes with their numerous pseudopodia (ps).
Intracellular treponemes may be greatly altered and may undergo digestion (Figs 16, 16a, 17 ). An active role in this process is played by lysosomes or phagosomes (ph).
Cellular activity and the digestion of engulfed treponemes are enhanced after an injection of penicillin.
It is especially interesting to study treponemes within plasma cells. As is known, plasma cells are the main producers of antibodies and within them immune globulins are synthetized primarily by the ribosomes (r). The treponemes engulfed by plasma cells usually remain unaltered (Fig. 18) Fig. 20 shows a rounded inclusion (ri).
Thus it is evident that T. pallidum may produce L-forms under conditions of stress. In our experiments the organisms were stressed with penicillin, various drugs, antisera, etc., and the addition of these agents led to the appearance of L-forms. We have not yet isolated L-forms directly from animals affected with syphilis, but undoubtedly they can be present in rabbit tissues.
The significance of these data can hardly be overestimated if we recall that conversion to L-forms alters the clinical course of a disease, the virulence and pathogenicity of the organisms, their antigenic activity, drug resistance, and other properties, not to mention the diagnostic difficulties presented by such variants.
It should be noted that in some preparations of the treponemes we have found crystalloid structures (KS), especially after the addition of penicillin (but also without it) and during the reversion of L-forms. The crystalloids had a three-dimensional symmetry and resembled protein paracrystals (Figs 21, 21a ).
The significance of these formations has not been established.
Summary
(1) Electron microscopy of T. pallidum has revealed a number of structural features: a sheath, a three-layered outer wall, a cytoplasmic membrane also consisting of three layers, superficial and deep bundles of fibrils, a nuclear vacuole, mesosomes, and ribosomes. Each of these formations has a complex structure.
(2) Transverse fission is the main mode of reproduction of T. pallidum. Under adverse conditions spherulation and encystment may be observed. The possibility of sexual reproduction cannot be excluded.
(3) The structure and motility of cysts, and the circumstances of their appearance, prove that encystment is an adaptive mechanism of survival.
(4) Under the action of penicillin or antiserum, T. pallidum in culture produces L-forms, which reverse to the original spiral forms if transferred to media lacking these agents.
(5) In chancre tissues, T. pallidum may be located both inside and outside cells. Macrophages, plasma cells, endothelial cells, monocytes, and polymorphonuclear leucocytes actively participate in phagocytosis. As a rule, phagocytosis is not brought to completion (endocytobiosis predominates).
(6) Penicillin enhances cellular activity; after an injection complete phagocytosis may be demonstrated.
(7) The persistence of positive serological reactions may be explained by the prolonged presence of unaltered treponemes within plasma cells. PILLOT, J. (1965) (2) La separation transversale est le principal mode de reproduction du T. pallidum. Lorsque les conditions sont defavorables, on peut observer la formation de spheres et de kystes. La possibilite de reproduction sexuee ne peut pas etre exclue. (3) La structure et la mobilite des kystes ainsi que les circonstances de leur apparition prouvent que l'enkystement est un mecanisme adapte a la survie. (4) Sous l'action de la penicilline ou d'un anti-serum, le T. pallidum en culture produit des formes L qui retoument aux formes spiralees originelles apres transport dans des milieux depourvus des agents cites. (5) Dans les tissus chancreux, le T. pallidum peut etre detecte a la fois a l'interieur et a l'exterieur des cellules. Les macrophages, les plasmocytes, les cellules endotheliales, les monocytes et les polynucldaires participent activement a la phagocytose. Habituellement, la phagocytose n'arrive pas a etre totale (l'endocytobiose predomine). (6) La p6nicilline stimule l'activite cellulaire; apres une injection, une phagocytose compIte peut etre mise en evidence. (7) La persistance de reactions serologiques positives peut etre expliquee par la presence prolong&e de treponemes alteres a l'interieur des plasmocytes.
